Gnathodynamometers may be divided into three classes according to the method of their construction:- (1) Those which act directly on to the jaw or by means of a simple lever (Hebelkonstruktion),
(2) Those which contain a spring (Federkonstruktion).
(3) Those which combine lever and spring, or lever, spring and manomiieter (Kombinietekonstruktion), A fourth group is described in which splints are placed upon the teeth and a steel stud impinges upon lead (Kugelkonstruktion). GROUP I.-Gnathodynamometers which act directly on the Jaw, or by means of a Simple Lever.
Borelli (1681, Italy) .-The earliest investigation recorded is that of Borelli, a professor of the Jesuit College in Rome. He treats extensively of the subject in his work entitled "De motu animalium." His method of procedure was as follows: to a loop of cord which passed over the molar teeth of the open mandible he attached various weights from 60 kg. to 200 kg. According to the weight which could be raised by closing the jaws he estimated the force of the muscles of mastication.
Compared with the results more reeently obtained, Borelli's figures seem unusually high. This has been explained by the suggestion that the neck muscles came into play in addition to the muscles of mastication. Also from his writings one gains the impression that he selected particularly muscular subjects for his experiments. Haber gives a translation in German of the original Italian in which the weight is referred to as 200 lb., and in which Borelli calculates, taking into consideration the inclination of the various muscle-fibres, that the force of the muscles is equal to a weight of nearly 534 lb. Sauer (1870-1891, Berlin), placed a fiat strip of iron across the molar teeth, of sufficient length to project beyond the corners of the mouth; a hole was bored, through which a cord was passed and secured. The end of the cords was attached to a weight standing on the floor and it was so arranged that with the mouth open the cord was quite tense. By elevation of the jaw, the weight, if not too heavy, was lifted and by means of suitable additions or subtractions the exact weight was found which could be raised and the force of the muscles accordingly estimated. Eckermann (1911, Sweden) assu-med that a firmly closed jaw needed the same force to overcome the muscular effort as was exerted to close the teeth. He made no attempt to measure the force used in closing the teeth but only that needed to force them apart. The apparatus, which is of steel throughout, is quite simple; it is shaped like a pair of pliers, the jaws of the pliers which are covered with a softer material on the outer side are gripped between the teeth. Of the handles of the pliers, the lower and shorter one is fixed to a rigid and immovable support, whilst the upper handle, which is furnished with a sliding weight carrier, is graduated like a steelyard. In using the apparatus, the weights are increased until the teeth of the patient are forced apart. Eckermann attempted to reduce the force exerted in different positions of the row of teeth to a definite formula. He claimed that the distance from the lower incisors to the third lower molar is exactly half of the distance from the lower incisors to the condyle, and that the weight resistance is exactly proportional to these figures. Thus, supposing the biting force of the incisors to be 1=i, that of the third molar is -, first molar {64, and so forth, according to the position of the tooth to be measured. A formula is easily prepared and in this way, given the biting force of any one tooth in the lower jaw, all the other figures can be calculated for the remaining teeth. This method of estimation is obviously untrustworthy since-although it might be possible to build a model which would give results according to Eckermann's 464 formula-the conditions obtaining in the mouth, the inclination of the crowns and roots of the teeth are too variable to make such a simple plan practicable and reliable.
Gysi (1920, Ztrich) observed that although in the mastication of soft foods such as spinach or cereals both sides of the mouth are used at the same time, in eating hard foods which 1needed considerable force to crush, only one side of the jaw is utilized.
This side of the jaw he called the working side, the other the free or balancing side, but since the muscles of both sides must come into action he felt the force exerted by the free side deserved investigation. In order to illustrate this idea, Gysi gives the following experiment. The arm is held so that the upper arm is vertical and the forearm at right angles with the wrist bent and the fingers hanging; if a weight be attached to the fingers it may be considered as a lever with the fulcrum at the elbow-joint and the force applied at the insertion of the biceps. If the weight be sufficientlv heavy, considerable muscular force is necessary to keep the forearm horizontal. If, however, the other hand is placed as a support under the wrist from which the weight is suspended, giving two arms to the lever instead of one, much less force is necessary. Applying these data to a lower jaw engaged in masticating hard foods, the free or balancing side is represented by the supporting arm and the working side by the arm to which the weight is attached, the symphysis being represented by the bopd of union formed by the supporting hand.
Gysi then built a large wooden model of a lower jaw to which measured forces representing the muscles could be applied, and in which the sides could operate either independently or in conjunction. There was also a contrivance for crushing hard substances as in the natural jaw.
Experiment showed that the force necessary for unilateral crushing of a cherry stone was 90 lb., but when the sides were joined together the force required on each side was 60 lb., that is to say a force of 120 lb. was used.
According to Gysi, therefore, it seems that in recording the force exerted by the muscles of mastication the muscles of both sides should be included. GROUP II.-Gnathodynamometers which operate by means of a Spring.
Dr. G. V. Black (1893, Chicago).-This instrument consists of two bars, one of which is rigid, the other a strong flat spring. At one end they are joined together, at the other end they are furnished with rubber-covered biting plates; to the spring is attached a small projection which moves a needle when the spring is bitten upon and the force exerted is indicated on a scale attached near the handle of the instrument which is graduated up to 275 lb.
Black used his instrument every year to make a trial of the force of the teeth among the students in his classes. In the tabulation of the results of 1,000 persons the the average force was 171 lb. on the molar teeth, and considerably less on premolars and incisors. The force recorded varied from 25 to 275 lb., and among the 1,000 persons tested only 17 attained the full register that the instrument afforded. He puts the margin of error due to biting too near the end of the rubber pads or too far up the instrument, at 10%. He states that the force of the bite of an individual is modified materially by (1) the habitual use of the teeth; (2) the loss of the pulp; (3) the disease of the periodontal membrane.
Nearly everyone who makes a trial of his bite on a dynamometer stops because of pain in the periodontal membrane before he has exerted his full muscular power and therefore modification of the condition of these membranes is prominently brought out. A tooth from which the pulp has been removed seems never again to recover completely. Even though the person has not recognized the difference in the ordinary use of the teeth, it shows in these trials. Therefore, he goes on to say, the limitation of the force of the occlusion as shown by the gnathodynamometer is a register of the power of resistance of the periodontal membrane and not a register of possible muscular exertion.
In addition to testing the force of the bite Black used an instrument which he called a phagodynamometer for testing the force required for crushing meat and certain hard sweetmeats or candy. The force registered for ordinary meats was from 3 lb. when testing the central part of cold boiled tongue to 80 lb. for well-done tough beefsteak, the average force required being from 30 to 50 lb. Candied sweetmeats needed considerably more force, in one case up to 130 lb. being needed. He draws attention to the enormous force needed to crush out comparatively soft foods when they were wedged between the cusps of the teeth, bread in one case could not be crushed out even when a force of 350 lb. was used.
Black recognized that the cleansing power of vigorous mastication is greater and better than artificial cleaning, and states that increased toleration of pressure by the periodontal membrane can often he acquired by changing a soft diet to one needing more vigorous mastication. Patients who could exert only 30 lb. on the molars without extreme pain, often exerted 100 lb. within one month and 150 lb. within three or four months. Morelli (1913, Budapesth) . Morelli's dynamometer is built on the same lines as an ordinary hand dynamometer with the spring opened at one end, the extremities forming the biting plates. He attempted to establish a normal pressure resistance of which each tooth should be capable, this resistance being furnished not so much by the fibrous tissues by which the root is surrounded or suspended, but by the soft tissues contained in the space between the tooth and alveolus.
From experiments upon 6,000 patients Morelli drew the following conclusions:
(1) If a tooth is subjected to a given force for a given period of time, it will become tender and subsequently hypernesthetic.
(2) The time necessary for this tenderness and hypervesthesia to develop varies inversely according to the force applied. (4) With a normal upper central the figure never falls below 10; any lower figure denoting a pathological condition, e.g., pulpitis or periodontitis.
(5) The pressure constant varies within certain limits for healthy individuals. In illhealth such as influenza and certain bodily conditions, e.g., pregnancy or malnutrition, the pressure constant falls. In women it is usually 15 to 20% lower than in men.
(6) The pressure constant is proportional to the area of the root surface.
This pressure constant is analogous to the experimental biting force already referred to, and differs from the relative, or average, biting force for which Morelli gives the followving figures: Kristiansen (1925, Copenhagen) .-This instrument utilizes the principle of the parallel pliers. The end which represents the jaws of the pliers contains the biting plates and these are separated in the condition of rest. To one of the arms, which represents the handles, is firmly fixed a curved strip of steel extending beyond the other and shorter arm; between the end of the curved extension and the other arm is a spiral spring. By compression of the biting plates the spiral spring is stretched and the amount of force used is registered by a finger operated from the longer arm of the apparatus and registered on a dial. Kristiansen makes the following claims for his apparatus:-
(1) It is simple and convenient to use.
(2) Because it is constructed on the principle of parallel pliers, the exact position where the teeth meet the biting plates is unimportant.
(3) It is applicable for the measurement of the molar teeth.
(4) Errors arising from friction and the use of the lever arm are so small and so constant as to be negligible, furthermore as the spring loses its elasticity it can be tightened by means of a screw. Kristiansen used his instrument in bridgework to estimate the strain on the individual abutments and to aid in the general design of such prosthetic appliances. Haber (Berlin), constructed three gnathodynamometers. The first being a combination of lever and spring falls into the third group. The second and third act by means of a spring only. Haber, who has devoted a considerable amount of time and energy to popularizing the use of the gnathodynamometer, has endeavoured to construct an instrument that fulfils all the desiderata of a gnathodynamometer both for the specialist and for the general practitioner.1
In the second model the bite is received upon the ends of two telescopic shells containing between them a short spiral spring; these shells or chambers are so constructed that the force of the bite is transmitted vertically through the central vertical axis of the enclosed spring, so that it may be evenly compressed. The space between the biting plates was 1x6 cm. as against 2x54 cm. in Black's apparatus; but even this separation of 1-6 cm. was too great to allow of its use between the last molar teeth in many mouths. Another disadvantage was that, in order to get an even pressure of the contained spring, the fit of the telescopic shells must be too exact for use with any bite that was not practically vertical. In the third model the biting plates are much closer together and can, as a rule, be passed easily between the third molar teeth, and the registering portion runs from the side instead of the centre of the biting plates as in the second model. It consists of three parts: (a) the part which receives the bite; (b) the rigid extension and scale; (c) the indicating finger (see figs. 1 and 2, p. 5). The biting plates have raised edges laterally, so as to form a trough to receive the teeth, and the edges are grooved to permit of interchangeable metal plates faced with some softer material to prevent damage to the teeth tested. These interchangeable blocks are of varying shapes, so that when desired a single tooth, a particular cusp, or a filling may be tested.
The upper biting plate carries a projection which operates the indicating finger. Both plates are joined together by ellipsoid springs which allow the plates to approximate when bitten upon. The springs are carefully tested so that the amount of force applied in compressing the springs is accurately recorded by the indicating finger upon the scale which is marked in kilograms. When the pressure is removed the indicating finger remains at the highest figure recorded. At the end of the carrier is a handle. During use the whole apparatus lies at a tangent to the arch of the teeth.
Two patterns are made, one to record up to 50 kg., the other up to 150 kg. GROUP III.-Gnathodynamometers which operate by means of more than one of the three factors-Spring, Lever and Manometer. Giinther (1920, Chemnitz) .-A hole is bored through each of the shorter ends or jaws of the pliers in which is received the pin which is attached to the interchangeable biting plate; these plates are of varying sizes according to the tooth which is to be tested. As a protection to the teeth each plate is covered by a felt pad which can be renewed. The longer shanks of the apparatus, one of which serves as a handle during use, hold between their ends two telescopic cylinders, closed at the outer ends and sliding the one overthe other. The inner cylinder contains a spiral spring which is compressed when the jaws are closed, whilst the outer cylinder is squeezed on one side and furnished with serrations, which engage with a cog-wheel carried on a flat bar bent at right angles, and is so arranged as to operate a recording finger on a scale. Both cylinders terminate in a sharp edge which is received into a groove on the inner surface of the long shank of the pliers. To keep cylinders from slipping out of position there is a retention band fitted nearer the joint which prevents the shanks from separating too widely; this band exercises no pressure on the spring, nor does it hinder free movement when the jaws are being closed. He gives as an average biting force from 300 cases: 
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Although this method of measuring the masticatory force hardly coincides with the accepted idea of a gnathodynamometer, any account of these instruments would be incomplete without a reference to what is known in Germany as the "Kugel methods." The method of estimating the biting force is founded upon the fact that under a given force a hard steel stud penetrates a softer metal-e.g., lead-to a definite depth.
Utilizing this scientific fact, Schonwald and others carried out certain experiments of which the following is an example: A silver splint is adapted to one side of the mouth, incorporating in, the molar region a shallow trough in which is placed a small plaque of lead. Over the upper molar a shell is fitted bearing on its surface a steel stud 5 mm. long, so that it strikes in the centre of the lead plaque when the teeth are closed. The jaws are brought together with as much force as possible, the lead is removed, and by means of a very delicately adjusted instrument the depth of the penetration into the lead is exactly measured. In this way, by altering the thickness of the lead, the splint reading can be taken with the mouth open at different widths, the least possible being 10 mm.
With a young man aged 18 Schonwald obtained the following results:-With a separation of the ridges of 10-00 mm. = 39*125 kg.
12;18 mm.
36-5 kg. 15.25 mm. = 23-125 kg. 17-25 mm. = 17.5 kg. 20-00 mm. = 12 kg. Sheldon Friel (1926, Dublin) used two gnathodynamometers, a syngnathodynamometer for measuring the force used in elevating the mandible, and a dignathodynamometer for measuring the force used in depressing the mandible.
The Use of Gnzathodynamometers in Dental Practice. Gnathodynamometer measurements have been employed in many of the departments of dentistry, as has been related-prosthetics, orthodontics, conservative work, pyorrhcea and treatment of injuries of the jaw. There has been a natural attempt on the part of many investigators to establish a normal figure in pounds or kilograms, which should represent the average pressure which each tooth should be able to bear.
It is generally recognized that such a figure can only be approximate and must admit of wide individual variations, and to obviate this difficulty Wustrow gives a table of relative efficiency of the individual teeth in each jaw, without reference to the value of the figure in kilograms.
The table is as follows:
Upper jaw
Lower jaw 1 = 3.09 1 = 1.89 2 = 2.41 2 = 2-24 3 = 3.5 3 = 3-07 4 = 5-69 4 = 5.69 5 = 5.69 5 -5-59 6 = 9-44 6 = 10-28 7 -8-59 7 = 9.44 8 = 6-5 8 = 8.59
These figures represent the proportion of biting strain, vertical, horizontal, and transverse, which each tooth bears. Using these figures as a basis for diagnosis, Wustrow decides whether or no a prosthetic appliance is necessary to replace teeth which are lost.
For instance in the following case . . 6. . 3 . 1 12 .5 67. 87654321 12345678 the biting value of the teeth in the upper jaw is 1 = 3.09 3 = 3-5 6 = 9-44 1 = 3-09 2 = 2.41 5 = 5-69 6 = 9.44 7 = 8.59 45-25 pressure units The biting value of the teeth lost, namely 8 7 . 5 4 .2 .4. . . 8 by a similarcomparison = 44.57 pressure units.
In estimating the potentialities for mastication of the teeth which remain, the pressure units are doubled. Thus the biting value in the present example becomes 2 X 45 25 = 90 50, and as this figure is greater than the sum of the pressure units of a complete upper jaw (45 + 25 + 44 57 = 89 92) he diagnoses that the bite is not overloaded and from an efficiency point of view a plate is not necessary.
The doubling of the pressure unit is justified by analogy with other organs of the body. Wustrow goes on to say that if one kidney is removed the remaining kidney takes on the functions of both kidiieys; the same may be said of the lungs, if half of a lung is put out of action permanently, the other half is quite able to carry on the function of the whole lung. In the same way when teeth have been lost, the remaining teeth, by the additional exercise, become able to stand a much greater pressure than they did before. These figures, of course, apply only to normal healthy teeth; pathological conditions are diagnosed by X-rays and by the gnathodynamometer, devitalized teeth invariably giving a lower reading.
From my own observation, the gnathodynamometer is valuable in estimating the force habitually exerted by the natural teeth in patients to whom prosthetic appliances are to be supplied.
The use of the gnathodynamometer in orthodontics is fully described by Friel, and those interested in the subject are referred to his paper on this question. In the treatment of pyorrhcea, loss of function and improvemnent in function of the affected teeth may be diagnosed usefully, and I am of the opinion that gnathodynamometer readings may afford valuable additional data when deciding upon the extraction or retention of teeth.
The question of the normal masticating force at different ages is an interesting one and worthy of attention. As a means of estimating the general physical efficiency of the subject a han'd dynamometer can be used and the results entered by the side of the gnathodynamometer records. As Black has observed, it is possible by a suitable diet to increase very materially the masticating force, and the two dynamometers form a simple and efficient method of focusing the attention of young children upon the necessity for efficient mastication of hard foods.
In the instructive graph given by Friel, the normal pressure exerted by the first molar tooth rises from 25 kg. to 75 kg. with the sitting height of the subject of 64 cm. to 83 cm. He calls attention to a curious dip in all the curves at a sitting height of about 79 cm. which, he suggests, may be due to puberty; this curve does not occur so markedly in the curve of the hand-grip, which rises from approximately 7-5 kg. to 37-5 kg.
Johnson and Hatfield, dealing with boys aged from 6 to 18 years, show an increase from approximately 57 lb. to 115 lb. at the age of 16, when the curve suddenly flattens and remains practically horizontal up to the age of 18; the handgrip for the same age is from 23 lb. to 85 lb. and rises steadily till it reaches 100 lb. at the age of 18. For girls the curve is much more irregular, it starts at between 45 lb. and 50 lb., rises steadily to 85 lb. at the age of 12, remains almost stationary till 15 and then rises steadily to 105 lb. at the age of 18; the handgrip rises more or less steadily from 20 lb. to 80 lb.
The results are difficult to compare, because Friel has taken the sitting height, whilst Johnson and Hatfield have taken the age as one standard, and have considered girls and boys separately. Their results, however, seem to confirm Friel's suggestion that the flattening of the curve was to be ascribed to puberty. So far as the hand-grip records are concerned, Friel has used the ordinary closed spring dynamometer. Johnson and Hatfield used a Smedley's improved dynamometer which has a grip something like that found in the penny-in-the-slot machines for testing the grip, and judging from the illustration given, would afford a more comfortable hold and would register a higher figure.
My own observations, using a Haber gnathodynamometer scaled up to 60 kg., show that healthy individuals o-f both sexes are able to record the full measuremetit of 60 kg. about the age of 16 and often two or three years earlier. The measurements are taken in the molar region, but I have, as a rule taken, not an individual tooth, but two adjoining teeth. When the 6-year-old molars have been lost either through disease or for purposes of regulation, the power of the bite seems to be materially and permanently reduced. Friel's records of incisor pressure seem rather high. For 15 years of age he gives a normal pressure of 34 kg.; for an adult it would be probably slightly higher. These figures are much higher than I have been able to obtain, but the difference in the instruments used is probably a great factor in the varying results.
It may be confidently affirmed that thegnathodynamometer is valuable in dentistry: to the scientific investigator it furnishes data which cannot be obtained by any other method. As a means of education, the patient can be simply and rapidly taught by irrefutable demonstration the importance of functional efficiency of the natural teeth, and the comparative inefficiency of any artificial substitute. In orthodontics the effect of orthodontic appliances upon the habits of mastication can be estimated, and in the treatment of conditions in which the periodontal tissues are involved the degree of return to the normal can be observed and estimated. It affords additional data which may be of value in deciding whether a tooth is to be sacrificed or saved, and has a place in estimating the loss of masticating power in jaw injuries and the extent to which this function is regained during convalescence.
A Sequestrum of the Palate. J. DRAPER CAMBROOK, L.R.C.P., M.B.C.S., L.D.S.
A middle-aged man complained of something growing out of his palate. I found that coming away from the palate was a piece of dead bone, which extended from the central incisors back to the soft palate on the left side. It could be moved and seemed to be attached only at its posterior margin. He had 5 321 12345 present in the maxilla and there was considerable pyorrhoea around them.
As the sequestrum was loose I removed it under nitrous oxide. The sockets of 21 123 and the posterior palatine canal can be distinguished in the sequestrum.
The aotiology of this case at first puzzled me. Syphilis at first suggested itself, but the patient denied any history of the disease or of any injections. His. Wassermann and sigma reactions were negative. He stated that he had had no trouble with his mouth for many years previously and that the bone just started to grow about six weeks previously. I think, in view of the absence of history, that the necrosis of the bone must have been caused by the spread of infection from the large and very foul pockets that were around the incisors, with the subsequent, sequestration of the dead bone. 
